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Abstract 
The relevance of this article is due to the enormous value of refractories in the national economy. Refractory materials are the 
materials produced of mineral raw materials and are capable of retaining their functional properties under a variety of conditions 
at high temperatures without significant deformations; such materials are used for metallurgical processes, furnace designing, and 
high-temperature units. There is solved a partial differential equation of parabolic type, non-linear in the second derivatives. The 
solution is carried out by using the MATLAB software. The article presents the results of researching temperature distribution in 
conductive magnesite melt, depending on the current leads location. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. The role and place of refractories in the national economy 
Refractory materials have increased strength at high temperatures and chemical inertness. In composition, the 
refractory materials are ceramic mixture of refractory oxides, silicates, carbides, nitrides, borides, there are mostly 
non-metallic material having fire resistance not less than 1580 °C [1]. 
Refractory products occupy a leading position in the production of many materials and construction of thermal 
units. Without refractorys there is impossible construction of the thermal units: reheating furnaces, furnaces, boilers, 
heat generators, heat storage, various energy and chemical plants, nuclear and laser devices. Moreover, the space 
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exploration - the flight of rockets and the existence of man in the cosmos - is also impossible without refractories. 
The situation on the Russian market is as a whole defined by specialized refractory plants, producing 70-75% of 
refractory products and materials in the country. [2]. 
Refractory materials and products ensure an efficient operation of the main production units and machines in 
most branches of modern industry. In many cases the function and performance of entire process systems due to 
quality and performance properties of refractories. This primarily relates to the ferrous and nonferrous metallurgy, 
energy, chemical industry and so on. They are widely used in the production of iron and steel for lining of 
technological units, tanks for storage and transportation of liquid metal furnaces for heating billets and so forth. 
Progress in the creation of new types of highly refractory materials has substantially developed technological 
schemes of production and casting, increase energy-saving effect and ensure the stability of the steel systems in 
general. It is obvious that the use of new types of highly refractory products allows to significantly reduce unit costs 
per tonne of steel, increase the productivity of the main metallurgical facilities and, most importantly, the reliability 
of their work. [3] Production of high strength materials, to which, in particular, relates fused periclase carried out in 
industrial furnaces steelworks in aggregates with high (over 1000 °C) temperature conditions. 
Basic thermoelectric processes that determine the quality of the product - melted periclase occur in non-metallic 
high-temperature liquid medium through which electrical current is passed. The problems of the distribution of 
electricity and energy generation in liquid non-metallic high-temperature environments are being paid insufficient 
attention. And the opportunity to save energy by improving periclase production technology makes this task even 
more urgent and promising. 
2. The thermoelectric aspects of production technology 
Caustic magnesite "melts" at 3000 0ɋ and higher in electric arc furnaces that operate on a three-phase alternating 
current and comprise a casing of 2 sections, set on a trolley with a rotating platform. Furnace transformers are 
powered by 8000 kW · A with voltages from 90 to 260 V with the same steps. The system includes three electric 
smelting furnace electrode with a diameter of 457 mm, which are moved by a hydraulic actuator. All operating data 
is properly measured using a computerized data retrieval system. 
Magnesite (6 mm) and a return are supplying into the furnace (Fig. 1) at a controlled rate. The electrode clamp 
descends to the bottom of the furnace shell as long as the layer of caustic magnesite small holes are not formed. 
Three graphite rod with a diameter of not less than 30 mm are placed on a layer of the starting material at the bottom 
of the shell so that they form a triangle with each end of each rod penetrating into preformed recesses (the angles of 
graphite to be aligned with three electrodes). When the electrodes are lowered and relate graphite, power is supplied, 
an arc is ignited, and under each electrode form baths of molten feedstock, which begin to increase towards other 
baths. After combining all the baths in one bath its size will be sufficient to allow an electric current independently; 
voltage can be increased to the working level. 
The operating voltage is set, and the current is adjusted 
by setting the height of the electrodes over the molten bath. 
The automatic control system controls a current and a 
voltage, and continuously adjusts the height of the 
electrodes to ensure continuous operation. The diameter of 
the molten magnesite bath under the electrodes continues to 
grow to such an extent until the edges will not be at a 
distance of 300 - 400 mm from the furnace shell. After that 
it requires a constant supply of raw materials to the furnace, 
which is regulated by an automatic feeding system. 
Feedstock surrounding layer solidifies and forms a cover for 
the molten magnesite. This layer forms an insulating crust 
layer and consists of a partially melted and sintered material 
and impurities. During the melting cycle the feed rate is 
adjusted to maintain the unmelted raw material also on top 
Fig. 1. Scheme of an electric arc smelting furnace. 
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of the bath, which reduces energy consumption. In the process of melting the electrodes gradually raise by means of 
an automatic control system to maintain the liquid bath of fused magnesium oxide in the arc covered with a thin 
layer of feed material until a large ingot of the molten composition [4]. 
In the process of melting the raw material undergoes complex physical and chemical transformations. Due to the 
inhomogeneous temperature conditions, nonequal crystal growth and effects of gravity during the periclase melting 
occurs a noticeable differentiation of melt components, and the separate block areas are enriching with magnesium 
oxide, whereas the impurities accumulate in the crust, in the central zone and in the melting dust. The smelted block 
has heterogeneous chemical composition, density, macro and microstructure. Heterogeneity due to its zonal 
structure, determined by the degree of melting of the material, by conditions of crystallization in a variety of areas, 
by the migration of impurity oxides, and by other factors [5]. 
3. Estimations of temperature fields and the main results 
The purpose of this paper is to provide dynamic allocation of thermal energy generated by an electric current, 
around the perimeter of the molten bath at the different mutual arrangement of electrodes and to identificate the 
optimal conditions to achieve an uniform distribution of heat and therefore to save electricity. 
A period of the immediately melting is usually more than half of the length of entire melting process, it wastes 
60-80% of the total electricity consumed for melting. The main task of this period is to heat up a raw material to the 
melting point, to maintain this temperature until complete melting of raw materials and provide the required 
overheating of the bath. Electric mode is unstable at the beginning, it released in a small volume under the 
electrodes an enormous power, as resulting it formed in a charge melt. The larger is an area of melt contact with the 
electrode, the greater is current. 
The mixing of the liquid magnesite causes the intense heat exchange in a magnesite bath. The energy equation 
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gives the amount of heat, expressed in the temperature characteristic T and carried through the layer of liquid 
magnesite. 
Here are ߬ time; ݒ௫ǡ ݒ௬ǡ ݒ௭ - vector components of the linear velocity of the liquid magnesite; Ȝ௠ǡ ܿ௠ǡ ߩ௠ǡ ߪ௠ - 
respectively, thermal conductivity, heat capacity, density and specific electroconductivity of liquid magnesite; ο - 
Laplace operator; E - electric field intensity. 
The boundary and initial conditions have being add: ܶሺͲሻ ൌ ଴ܶ, ܶȁ஻ ൌ ܶሺ߬ሻ; 
 
x the density of a heat flux, transferred from the liquid surface into the environment as a function of time: ݍ ൌ
ߙሺ ௘ܶ െ ୤ܶሻ; Į is a heat transfer coefficient; 
x the heat transfer between the liquid surface and the environment: 
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In practice, for assessing the thermal flux passing through the liquid magnesite, the complex process of heat 
transfer through the layer of liquid magnesite can be replaced by the equivalent thermal conductivity process. Here 
was the coefficient of thermal conductivity Ȝ௠ included in the formula of the coefficient of thermal diffusivity a, 
replaced by a coefficient of effective heat conductivity Ȝ௠Ǥ௘௙, taking into consideration the transfer of heat from the 
moving particles of magnesite. To assess this parameter there was carried out an experiment on the example of the 
electroslag process [6]. We have the following estimates of the parameters in equation (1): 
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and it takes the form for surface of a magnesite melt: 
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forming a boundary value task of thermal field distribution തܶሺݔ௜ሻ in space of liquid nonmetallic high-temperature 
environments with the boundary conditions ܶሺͲሻ ൌ00C, ܶȁ௫ୀ଴ ൌ ʹͷͲͲ଴ܥ. 
Capabilities of the analytical solutions are very limited, although there are a number of special methods, so 
dominant is a numerical method of nets, and as an option - a method of central differences with the calculation of 
approximation of a heat flow function in the nodes of the partition grid, as well as the method of adaptive grids 
using a suitable control function [7]. Implementation of such problems of mathematical modeling is possible as an 
individual by means of software and with the existing software tools: MatCad, Derive, Maple, MatLab and others. 
They allow you to find both analytical and numerical solutions of ordinary differential equations and partial 
differential equations with graphically visualization of solutions. The stated boundary value task was solved with the 
assistance of the software tool MatLab [8] (Fig. 2). 
a  
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Fig. 2. The temperature distribution over the surface of a magnesit bath 
 in the steady process of remelting depending on the the electrodes locations 
 (a) evenly; (b) centered; (c) chaotic. 
 
As a result of conducted in the experiment researches, we can conclude confirmation an assumptions about a 
significant anisotropy of energy field in the magnesite melt, as well as in the electroslag field, due to high 
temperature gradients [9]. The pattern of the energy field distribution practically does not depend on the location of 
current sources on the molten bath perimeter, apparently due to its relatively small size. However, a sharp 
temperature drop from 25000C in the middle of the object to 4000C towards a periphery says about points to the 
need a thoroughly mixing of magnesite powder during the melting because at temperatures below 20000C melting 
process melting does not happen. 
References 
[1] K.K. Strelov, P.S. Mamykin, Technology of refractories, "Metallurgy", Moscow, 1978. 
[2] The development prospects of Russian enterprises for the production of refractory materials, Management of economic systems (electronic 
scientific journal), 2013. URL: http://www.uecs.ru/ekonomicheskiy-analiz/item/2215-2013-06-24-06-41-56. 
[3] World market: where moves the refractory industry, Metal of Ukraine and of the world. 2015. URL: http://ukrmet.dp.ua/2015/06/15/mirovoj-
rynok-kuda-dvizhetsya-ogneupornaya-otrasl.html. 
[4] O.N. Popov, D.G. Ribalkin, V.A. Sokolov, Production and application of melt-molded refractories, Metallurgy, Moscow, 1985. 
[5] K.V. Simonov, Y. G. Gaponov, The impact of the brucite meltregime on a quality of periclase, Refractories. 4 (1982) 15–23. 
[6] G.S. Marinsky, V.L. Shevtsov, B.I. Medovar, The thermal processes at electroslag remelting, Science Dumka, Kiev, 1978. 
[7] A.D. Polyanin, V.F. Zaitsev, A.I. Zhurov, Methods for the solving nonlinear equations of mathematical physics and mechanics: a tutorial, 
FIZMATLIT, Moscow, 2009. 
[8] N.Y. Golden, The use of MATLAB in the scientific and academic work: teaching and learning materials, Nizhny Novgorod, 2006. 
[9] N.A. Igizyanova, Features of termoelektrodynamic processes in hightemperature liquid non-metallic environments, Vacuum Electron Sources 
Conference (IVESC): Materials of the 10th international conference. - St. Petersburg: IEEE, Print ISBN: 978-1-4799-5770-5, INSPEC 
Accession Number: 14565865. (2014). DOI: 10.1109 / IVESC.2014.6891998. 
 
